Objectives-To assess the diagnostic accuracy and performance of 3608 endoanal sonography for preoperative evaluation of perianal fistulas using surgical results as a reference standard.
A perianal fistula is a common infectious disorder in the lower gastrointestinal tract. It has substantial morbidity and often requires multiple surgical treatments because of its high recurrence tendency. Surgical treatment of perianal fistulas continues to be a challenge for surgeons. 1 A comprehensive preoperative evaluation of an anal fistula is important for adopting the best surgical strategy and avoiding recurrences. The correct surgical classification of the fistula before the operation and the relationship with the anal sphincters is essential in choosing an adequate treatment. Clinically, fistulography and computed tomography (CT) have been used to assess anal fistulas, although they have limitations. 2, 3 In general, magnetic resonance imaging (MRI) is accepted extensively as the predominant imaging modality for management of perianal fistulas. 4 In many countries, however, MRI is still not the mainstay for preoperative assessment of fistulas because of its high cost, unavailability, and special coil requirements.
In the past, endoanal sonography was not a realtime technique, instead using a rotary device attached to the transducer to rebuild a short-axis section image of the anal canal. Therefore, the imaging quality was poor without real-time capability. 5 With technological developments, full 3608 endoanal sonography with real-time imaging is now available for clinical applications, which can provide circular short-axis section imaging of the anal canal, as can MRI. The aim of this study was to assess the diagnostic accuracy and performance of 3608 real-time endoanal sonography for preoperative evaluation of suspicious perianal fistulas and compare it with surgical results as a reference standard for its potential clinical value.
Materials and Methods
This clinical study was approved by the Institutional Review Board, and informed consent was obtained from each patient. A total of 122 patients with clinically suspicious perianal fistulas were included in this study from January 2012 to May 2016. All patients had clinical evidence of perianal lesions with suspicious fistulas. Within 1 to 2 weeks before surgical interventions, endoanal sonography was performed to evaluate the perianal abnormalities and fistulas.
Endoanal Sonographic Protocol and Diagnosis of Anal Fistulas
All sonographic examinations were performed by 2 ultrasound physicians with greater than 5 years of experience in endoanal sonography. An endoanal ultrasound scanner (HiVision Preirus, Hitachi Medical Systems, Tokyo, Japan) was used with a 3608 real-time endoanal transducer (5-13 MHz) to produce cross-sectional circular images. All patients were scanned in the left lateral position without any special bowel preparation or anesthesia. The 10-mm-diameter transducer was covered with a condom and, with adequate lubrication, placed into the anal canal. The 3608 sonograms of the anal wall and adjacent structures were systematically obtained by manually moving the transducer from the lower portion to the upper portion of the anal canal. After real-time scanning of the entire canal, 3 typical imaging planes were acquired and stored digitally for later analysis: (1) superficial level of an anal transverse section, which was the level of the distal anal canal showing the hyperechoic layer of the external anal sphincter ( Figure 1 ); (2) mid level of an anal transverse section, which was the mid level of the anal canal showing the hypoechoic internal anal sphincter, conjoined longitudinal anal muscles, external anal sphincter, perianal body, and perianal muscle ( Figure 2) ; and (3) deep level of an anal transverse section, which was the proximal level of the anal canal showing the U-shaped hyperechoic puborectalis muscle ( Figure 3 ).
Classification
Endoanal sonography was attempted to identify the primary track and its orientation with reference to the anal clock and also to track its course and relationship with the anal sphincter complex for comparison with surgical results using the standardized surgical classification of Parks et al. 6 The Parks classification includes the following categories and definitions: (1) intersphincteric fistula, in which the course of the fistula passes through the internal anal sphincter to the intersphincteric space and then to the perineum; (2) transsphincteric fistulae, in which the fistula, located in the lower portion of the anal canal, passes through the internal and external anal sphincters into the ischiorectal fossa and then to the perineum; (3) suprasphincteric fistula, in which the fistula is located in the intersphincteric space superior to the puborectalis muscle and into the ischiorectal fossa and then to the perineum; and (4) extrasphincteric fistula, in which the fistula starts from the perianal skin and passes through the levator ani muscles to the rectal wall and outside sphincters.
Internal Opening Location
The location of the internal opening of the fistula on endoanal sonography was determined by axial imaging using the surgical anal clock, where the 12-o'clock position is close to sacral, and the 6-o'clock position is close to the anterior perineum ( Figure 2 ).
Statistical Analysis
The sensitivity, specificity, overall accuracy, positive predictive value (PPV), and negative predictive value (NPV) of endoanal sonography for diagnosis were calculated using surgical results as a reference standard.
Results

Diagnosis of Anal Fistulas
The 122 patients studied included 111 male and 11 female patients with an age range of 17 to 77 years (mean age, 36.3 years). All patients tolerated the examination well, and no side effects or complications were reported. Endoanal sonography showed the anatomy of the perianal region and abnormal structures in detail (Figure 4 ). The layers of the anal wall identified with endoanal sonography were the hyperechoic mucosa/ submucosa, the hypoechoic internal anal sphincter, the hyperechoic intersphincteric groove, the hypoechoic external anal sphincter, and the hypoechoic puborectalis muscle. Fistula tracks were visualized as hypoechoic striplike lesions. The internal fistula opening was identified as a hypoechoic area as a defect in the internal anal sphincter at the intersphincteric plane.
The endoanal sonographic findings were in accordance with surgical results in 114 of 122 patients. In 8 of the 122 cases, preoperative endoanal sonography missed the anal fistulas, which were detected by surgery. In 19 of 114 cases, endoanal sonography showed no anal fistulas, instead showing other abnormalities, including simple anal abscesses (n 5 10), sweat anal gland inflammation (n 5 2), perianal submucosal abscesses (n 5 2), hemorrhoids (n 5 2), a subcutaneous epidermal cyst (n 5 1), a subcutaneous fistula (n 5 1), and a pilonidal sinus abscess (n 5 1), and the sonographic diagnoses were consistent with surgical results. The sensitivity, specificity, PPV, NPV and overall accuracy of endoanal sonography for detection of perianal fistulas are shown in Table 1 . 
Identification of the Internal Openings
In 92 of 95 cases, endoanal sonography was able to show the internal openings, including multiple internal openings in 5 cases, which were consistent with surgical findings. In the 3 of the 95 cases with discrepancies, endoanal sonography identified 3 internal openings, whereas only 2 of them were proved by surgical results, and the openings in 2 cases were missed by endoanal sonography.
Discussion
Perianal fistulization is a chronic disorder of the lower gastrointestinal tract, with substantial morbidity. Since imaging techniques have played a limited role in evaluation of perianal fistulas in the past, these fistulas are often associated with a high recurrence rate and may require repeated surgical treatments. 4 Recurrence is usually caused by an infection that is undetected and untreated completely. The purpose of surgery is to remove the fistula completely with minimal damage to the sphincter for the retention of sphincter functions. Incorrect classification or determination of the extent increases the risk of incomplete healing, recurrence, and inadvertent sphincter injury, which may cause postoperative incontinence. Therefore, precise preoperative diagnosis and classification of perianal fistulas are very important for clinical management. Fistulography and CT have their limitations in assessing perianal fistulas. 7 Fistulography is an anteroposterior projective radiographic method, which cannot classify fistulas without adequate depiction of anatomic structures; therefore, it is often unclear and difficult to interpret. 8 Although CT can show the existence of fistulous passages, it is not sufficient for a detailed analysis of the whole primary complex. The application of multidetector CT fistulography with the option of isotropic voxels and multiplane imaging could overcome the aforementioned issues, but researchers have not shown enough interest in this field. 9 On the other hand, the superiority of MRI and endoanal sonography for evaluation of perirectal fistulas has attracted more attention and motivation.
Pelvic MRI provides excellent anatomic and pathologic information on perianal fistulas, which is required for guiding preoperative management and surgical planning. 10 However, the fact that MRI needs a special body coil or endoanal coil can hinder its clinical applications as a first-line imaging tool. Although the endoanal coil is better in assessing sphincter damage and atrophy, the procedure can be painful for patients with acute fistulas, and the tolerability of patients remains a major issue.
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Endoanal sonography is a real-time cross-sectional imaging modality with advantages of high resolution, less pain, lack of radiation, continence, wide availability, and cost-effectiveness. It allows a rapid evaluation of perianal abnormalities and makes it easier to follow the progress of the disease: advantages that have gained the advocacy of both patients and clinicians. 12 Moreover, because of a lack of air in the anal canal, the anus lies tightly around the endocavitary transducer, and excellent imaging of the anal canal wall can be obtained. Therefore, it is a valuable tool for evaluating normal and abnormal structures of the anal canal.
Endoanal sonography can show the anatomy of the internal and external anal sphincters and the conjoined longitudinal anal muscles as well as the location of the internal opening of a fistula. Grayscale endoanal sonography is superior to other imaging modalities for soft tissue imaging, especially in near-field structures, whereas color Doppler flow imaging is able to display the vascularity of inflammatory lesions in acute-stage fistulas, as shown in Figure 7 . In this study, we used a 3608 realtime endoanal ultrasound transducer, which is superior to the previous mechanical rotary endoanal probe. It can show the axial image constantly and has excellent intrinsic soft tissue resolution for the anorectal area and surrounding anatomic structures. The results of our study indicate that endoanal sonography has high sensitivity and specificity with good overall accuracy, as shown in Table 1 .
In the past, surgeons performed fistula operations on the basis of the Goodsall 13 criterion without imaging assessment. At present, the Parks classification, with 4 types of fistulas based on the relationship between the fistula and sphincters, is the most widely used classification for guiding surgical interventions. Since the surgical approach is related to the type of fistula, surgeons prefer to obtain accurate information and clarify the type of fistula before the procedure. As shown in this study, endoanal sonography can provide specific supplementary information for preoperative classification of the fistula by clarification of the relationship between the fistula and the sphincters. The preoperative classification by endoanal sonography in this study revealed that the total diagnostic coincidence rate was 87.4% (83 of 95) compared with surgical results. Thus, endoanal sonography is feasible for classification of perianal fistulas for clinical management and treatment choices.
Recurrence of a complex anal fistula after surgery is very common, mainly because of incomplete surgical removal of an inflamed fistula and the inability to identify internal openings.
14 With the use of the 3608 circular endocavitary transducer, axial images of the anal and perianal structures were clearly displayed, especially for precise localization of the internal opening. Compared with traditional sonography, accuracy for determining the internal opening was increased. 15 In previous studies, the use of a variety of endosonographic methods has been reported, with high accuracy for delineation of the internal openings in fistula cases. 16 Buchanan et al 17 reported that anal endosonography was especially good at correctly predicting the internal opening in 91% of patients, which was close to the 97% achieved with MRI. In this study, the rate of correct endoanal sonography diagnoses confirmed by surgery was 94.6%. Thus, endoanal sonography could improve surgical outcomes and reduce fistula recurrence by better identification of the internal opening before surgery. Because the field of view of sonography is small, endoanal sonography has a limited depth and area for showing perianal structures compared with MRI. In our study, endoanal sonography was able to image and assess transsphincteric and intersphincteric fistulas with high classification accuracy (93.0% and 87.8%, respectively). However, only 50% of extrasphincteric fistulas and 66.7% of suprasphincteric fistulas were correctly diagnosed and classified. Thus, endoanal sonography has inherent limitations for fistulas located in the deep area or high level of the anal channel or if the fistula is associated with a gas-containing abscess or recurrent lesions. Furthermore, its clinical use has a moderate learning curve, although it can be taught and accredited. 18 Endoanal sonography has some other limitations because it is highly operator dependent, and it has a limited ability to resolve suprasphincteric and extrasphincteric fistulas. However, it can effectively distinguish between infections and fibrosis with the use of color Doppler flow imaging.
In conclusion, endoanal sonography can provide excellent imaging of the anal wall along with the surrounding sphincteric structures. Its real-time imaging capability can dynamically track and map the course of fistulas for presurgical classification, which is helpful for planning the surgical approach and reducing the risks of recurrence and postoperative incontinence. Endoanal sonography is an inexpensive, widely available, rapid, real-time, and easy-to-perform imaging modality, which is suitable for assessment of fistulas, especially for classification and diagnosis and for detection of the internal openings of perianal fistulas. It could be fully sufficient as a preoperative diagnostic method.
